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One of the most actual tasks of modem oncology is to recognize the
mutual effect of tumour and organism [13]. This complex of problems comprises
among others, the mechanism responsible for the origin and distribution of
tumour métastasés.

It is a well known fact that tumour métastasés in the spleen occur but
infrequently [1, 7, 9, 25 etc.]. Yokohata (1927), studying serial sections of the
spleen, could demonstrate microscopic métastasés in 34 per cent of subjects
dying with cancer. In the autopsy material of this department 11 macroscopic
splenic métastasés by way of the blood stream were found among 940 carci-
nomas encountered in 13.300 autopsies [10], an incidence of 1.17 per cent.
On the basis of similar observations and certain animal experiments the
possibility of a tumour inhibitory, defensive function of the spleen had long
been raised [2, 6, 7, 12, 18], but it can still not he considered as clarified.
On the other hand, the mechanistic theory of the distribution of metastatic
tumours [24, 3, 19] attaches importance solely to hydrodynamical factors
in the origin of splenic métastasés.

In previous studies it was found that a Brown-Pearce cancer cell suspension
administered intracardially into the left ventricle results in widely distributed
métastasés ; in the spleen, however, no métastasés occurred in any of the cases.
In experimental generalized carcinosis, owing to the complete lack of splenic
métastasés, we had to consider it an open question whether intrasplenic car-
cinolysis or transplenic passage of cancer cells occurs [11]. To approach this
question a method has been elaborated and it is the purpose of this paper to
report the details of such experiments.

Methods

To determine whether or not tumour cell emboli pass through the spleen, it seemed
necessary to examine both blood from the splenic vein and a suspension of splenic tissue. It
was further intended to ligate the hepatic artery, and then to inject a tumour cell suspension
into the arterial blood, supposing that if the liver was completely eliminated from the arterial
circulation and in spite of this métastasés would occur in the liver, they can originate solely
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from tumour cell emboli carried there by the portal vein. This project had, however, to be given
up as elimination of the liver from the arterial circulation can hardly be realized in the rabbit.

Blood from the splenic vein has been taken from rabbits laparotomized under super-
ficial ether anaesthesia a few seconds after 1,5 ml of a 20 per cent fresh Brown-Pearce cancer
cell suspension in sterile physiological saline had been injected into the left ventricle. The tumour
cell suspension was prepared from living tumour tissue of rabbits in which 18 to 20 days earlier
Brown-Pearce cancer had been intratesticularly transplanted. Blood from the splenic vein was
taken either by puncturing the vein with a thin cannula or by incising it, taking the greatest
care not to injure the artery. The slowly trickling blood had been collected with a syringe
containing 0,5 ml of a 3,8 per cent sodium citrate solution. After obtaining 2 or at most
3 ml of blood, 1 ml of of the blood-citrate mixture has been immediately injected into the vein
of two (in one instance of three) other rabbits.

Immediately thereafter the spleen was removed and a 20 per cent suspension in sterile
physiological saline solution prepared from it. Volumes of 0,5 ml of the suspension were inject-
ed within the shortest possible time into each of the testicles of other rabbits.

All in all 6 rabbits were injected intracardially with the tumour cell suspension. The
blood from the splenic vein of these animals was intravenously injected in other 13 rabbits,
while further 9 rabbits were given the spleen suspension.

Results

The fate of the 13 rabbits intravenously injected with venous blood which
passed through the spleen of other rabbits into the left ventricle of which a
tumour cell suspension had been injected, was as follows. One rabbit died
spontaneously after two, another one after threemonths. In the first animal an
intercurrent illness occurred and no métastasés could be detected at autopsy,
while in the other numerous and widely distributed métastasés were revealed.
The remaining 11 rabbits were sacrificed 30 days after they had been injected
with blood from the splenic vein. Métastasés occurred in the organs of eight
rabbits ; in three animals no métastasés could be ascertained. Accordingly,
injection of venous blood which had passed the spleen led to tumour formation
in 9 out of 13 rabbits (Table I).

TABLE |

Group Numberofrabbits Cancer produced

Rabbits injected with blood of
splenic vein 13 9

Rabbits injected with spleen sus-
pension 9 1

From among the 9 rabbits treated intratesticularly with spleen suspension,
one died spontaneously after 19 days, another after 6 weeks and a third one
after 8 weeks. Tumour developed only in the first animal, in the testicle of
which viable Brown-Pearce cancer tissue could be found hut no métastasés
were formed. The other six rabbits were killed 30 days after injecting the spleen



TRANSIT.EENIC PASSAGE OP TUMOUR CELL EMBOLI 273

suspension. Macroscopic tumour tissue could be found neither in the testes,
nor in other organs. Both testes of all animals were subjected also to micro-
scopic examination but no viable tumour tissue could be demonstrated in any
of them. Accordingly, after intratesticular administration of the spleen sus-
pension, tumour resulted only in one out of 9 rabbits.

TABLE 11
Distribution of métastasés in rabbits injected intravenously with blood of the splenic vein

Number of rabbits Lung Liver Kidney Adrenal Spleen Brain

Distribution of tumours in rabbits which had received intravenously
blood from the splenic vein is shown in Table Il. Tumours were developed
most frequently in the lungs and kidneys (7 cases), next in the liver and adrenals
(5 cases), in the omentum (2 cases), and finally in the brain, spleen, ovaries,
subcutaneous connective tissue and the calvarium (1—1 cases). The métastasés
were multiple, mainly those in the lungs, kidneys and liver. In these organs
a great number of tumour nodes, ranging in size from pinhead to hazelnut,
even walnut, could he found (Fig. 1—4)

It is noteworthy that in two rabbits there was no tumour detectable
in the lungs, not even microscopically, although numerous tumours appeared
in the other organs.

Discussion

On the basis of the peculiar »indolence« of the spleen toward malignant
tumours, as has already been mentioned, several authors have suggested that
that organ had an antiblastic property, while others ascribe the rarity of splenic
métastasés to purely mechanical factors, i. e. to the special circulatory condi-
tions of the spleen. In Sappington's (1922) opinion, the acute-angled deviation
of the splenic artery at the site where it originates from the coeliac artery must
be made responsible for the allegedly rare entree of tumour cell emboli into
the spleen. This explanation is, however, inadequate, the spleen being .one
of the most frequent sites of thromboembolism. According to Kettle (1912).,
it is the rhythmic contraction of the spleen which prevents the lodgement
of tumour cells. This view is not acceptable either, considering that the lung,
despite its extensive movements, is one of the most frequent sites of métas-
tasés. Some attribute a role to the lack of afferent lymph vessels [20,4]. This,
however, may be applied also to other inner organs, since lymph nodes alone
possess afferent lymph vessels.
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Fig. 1. Numerous tumourous nodes in the liver of a rabbit treated intravenously with blood
taken from the splenic vein of a rabbit into the left ventricle of which a cancer cell sus-
pension had been injected. Killed 30 days after intravenous injection.

Fig. 2. Same treatment as in Fig. 1. Liver showing numerous tumourous nodes.

F'ig. 3. Same treatment as in Fig. 1. Large number of tumourous nodes in the lung. Same
animal as in Fig. 2.

Fig. 4. Same treatment as in Fig. 1. Tumourous nodes in the kidneys.
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Coman et al. (1951) observed, shortly after injecting a Brown-Pearce
cancer cell suspension into the left ventricle, tumour cells in the spleen, though
in a smaller number than in other organs. The tumour cells were lodged mainly
in the thick-walled arterioles. The uncommon occurrence of métastasés in the
spleen is explained in that way that the tumour cells cannot leave the arterioles
and presumably they do not survive.

Walther’s conception as to the dissemination by the blood stream, accord-
ing to which the distribution of métastasés is determined solely by hydro-
dynamical factors and the primary and secondary filters (lung and liver)
comprised in the circulation, has been criticized lately by several authors. Fanjani
et al. (1951) object with reason to the omission of certain biological and function-
al factors. Soviet authors emphasize the role of the nervous system in the
origin of métastasés. The experimental data of Shabad ( 1930) and Klenitsky
(1938) support the assumption that formation of metasta ses is not an auto-
nomous process but one depending on the state of the whole organism. Petrova
(1946), on the basis of her observations, has attributed the for mation of tumours
of different character and localization to functional lesions of the cerebral
cortex. A long series of investigations has been carried out in Speransky's
institute to examine the role of the nervous system in the mechanism of meta-
stasis formation. Lebedinskaia and Soloviev (1951) have concluded from their
experiments that the localization of métastasés cannot be explained but with
the permanent trophical reflexes arising from the tumour, and further, that
in that mechanism reflexes and receptors of the vessels have without doubt
their part.

It isthought that the results of our experiments reported suffice to support
a definite view. The fact that intravenous injection of 1 ml of blood taken from
the splenic vein after injecting a cancer cell suspension into the left ventricle
has sufficed to produce generalized carcinosis in most of the rabbits thus treated,
proves that a large number of tumour cells had to pass through the spleen.
The findings prove not only the transplenic passage of tumour cell emboli,
hut suggest a transpvdmonary passage as well. In two out of 13 rabbits treated
with blood from the splenic vein tumours were namely formed in several organs,
in spite of the fact that no tumour developed in the lungs. This confirms the
pertaining statements of Zeidman and Buss (1952).

The eventual argument that the transplenic passage were due to narcosis
or abdominal manipulation, must be repudiated. In previous experiments [11]
the tumour cell suspension had been injected without narcosis or any other
manipulation into the left ventricle of 20 rabbits, and still no metastasis occurred
in the spleen of any of the animals, in spite of the fact that 15 of them died
with generalized carcinosis.

In connection with our statement that no tumour could be induced with
a suspension made from the spleen removed a few minutes after a tumour cell
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suspension had been injected intracardially, the objection may be raised that
this is merely a sign of the earlier suggested tumour inhibitory effect of the
spleen. This is, however, contradicted by the following experiment. % ml
of a cancer cell suspension was injected under the splenic capsule of six rabbits.
Three of the animals died in 10 to 26 days, the others were killed on the 33rd
day. Tumour was formed in the spleen of all the six rabbits. Goldmann had
stated already in 1911 that a tumour transplanted into the spleen grows just
as in any other organ.

On the basis of the above results it would seem necessary to revise our
concepts concerning the rarity oj splenic métastasés. The rarity oj metastatic carci-
noma in the spleen is due to the jact that in general the spleen does not retain the
tumour cells carried there by the blood stream. Should this hold true, then inhibi-
tion or impediment of the transplenic cell passage must result in tumour for-
mation in the spleen. To prove this, the following experiment has been carried
out. Venous congestion was produced in one half of the spleen by ligating some
small branches of the splenic vein. 6 days after this intervention, 1,5 ml of
a 20 per cent cancer cell suspension were intracardially injected into the left
ventricle. Tumour developed in the spleen but only in that part of the organ
of which the small veins had been ligated.

The question is whether present knowledge concerning the blood circu-
lation of the human spleen permits of assuming the transplenic passage in
man. Kadar (1951) demonstrated with the microcorrosion method that the
arterioles of the spleen open directly in the sinuses, the space of which communi-
cates with the pulpa, emphasizing, however, that the actual communication
between sinus and pulpa spaces depends on the size of the openings in the
sinus, which are regulated partly by nervous and partly by humoral factors.
The anatomical investigations of Kadar support in every respect the trans-
plenic passage of tumour cell emboli demonstrated in our own experiments.
In this process the part played by the nervous system is most significant ;
it regulates by way of the vascular receptors the communication between sinus
and pulpa spaces, making it possible that tumour cells carried by the blood
should avoid the pulpa spaces and pass immediately from one system into
the other.

Summary

Experiments were performed with Brown-Pearce rabbit cancer in order to approach the
cause of the well-known infrequency of metastatic carcinoma in the spleen. Blood taken from
the splenic vein of rabbits after intracardial (left ventricle) injection of a cancer cell suspen-
sion was intravenously injected to other rabbits. Generalized carcinosis was thus produced
in 9 out of 13 rabbits. The spleen suspension of the intracardially treated rabbits has been in-
jected into the testicles of 9 other animals. A tumour was subsequently found in the testis of
only one animal.

It is concluded that tumour cell emboli are able to pass through the spleen. The finding
suggests also the existence of a transpulmonary passage beside the transplenic one. These
mechanisms may play an important role in the distribution of cancer métastasés. The nervous
system has a considerable part in this process ; its effect is supposed to consist in influencing
the permeability of the filters and consequently the possibility of the tumour cell passage.



TRANSPLENIC PASSAGE OF TUMOUR CELL EMBOLI 277

REFERENCES

1. Di Biasi, W.: (1926) Uber Krebsmetastasen in der Milz. Virch. Arch. 261, 885.
2. Chalatow, S.: (1914) Zur Frage uber die metastatische Geschwulstbildung in der Milz.
Virch. Arch. 217, 140. 3. Coman, D. R., DeLong, R. R and McCutcheon, M. : (1951)
Studies on the mechanism of metastasis. The distribution of tumours in various organs in
relation to the distribution of arterial cell emboli. Cancer Res. 11, 648. 4. Dial, D. E. :
(1930) Metastatic carcinoma in the spleen. Am. J. Path. 6,79. 5. Fanfani, M., Pieragnoli, E.
and Morettini, A.: (1951) Ricerche sulla patogenesi delle metastasi e critica della dottrina
dei filtri obbligati. Arch, »de Vecchi« 18, 937. 6. Fichera, G.: (1935) Organotherapie der
malignen Geschwilste. Z. Krebsforsch. 41, 151. 7. Fischer-Wasels, B.: (1927) Allgemeine
Geschwulstlehre. Die Metastase. Hdb. norm. u. path. Physiol. (Bethe—Bergmann). XI1V/2.
Berlin, Springer. 8. Goldmann, E. E. : (1911) Studien zur Biologie der bdsartigen Neubildun-
gen. Beitr. z. klin. Chir. 72, 1. 9. Hirst, A. E. Jr. and Bullock, W. K. : (1952) M etastatic
carcinoma of the spleen. Am. J. Med. Sei. 223, 414. 10. Jakobovits, A. and Kovacs, K. :
(1953) Oncological Congress, Budapest. 11. Jaky, Gy., Kovacs, K. and Korpassy,B.: (1954) Experi-
mentelle Beitrage zur Frage der Krebsmetastasen des Ovars. Arch. f. Geschwulstforsch.
7,134. 12. Kallés, P. and Kallés—Dcffner, L.s (1940) Karzinomstudien [I-1I-11I-1V.
Schweiz. Z. Path. 3,11; 75; 141; 149.13. P. E. KaBeukuii : (19 1) Mpo6nembl OHKONOTNK
B cBeTe yyeHusa W. M. Masnosa. Apxus, naton. 1315, 10. 14. K&dar F. ! (1951) A Iép vér-
keringése korréziés készitmények alapjan. Kiséri. Orvostud. 3, 255. (Hung. only). 15. Kettle,
E. K.: (1912/13) Carcinomatous métastasés in the spleen. J. Path. Bact. 17, 40. 16. Kle-
nitskij : quoted by Vorontsova and Liosner. 17. 111. W. Jle6eguHckas u A. A. CoNnoBues :
(1951) OHeKOTOpbIX MNYTAX EXMEepPUMEHTaNbHOr0 WU3y4YeHUs enyxofeld Ha OCHOBE Y4YeHus
M. M. MNasnoa. Knuuunyeck. Mepg. 29/3. 11. 18. Lewisohn, R., Leuchtenberger, C., Leuchten-
berger, A., L&szl6, D.: (1941) The treatment of spontaneous breast adenocarcinomas in
mice with extracts of spleen or yeast. Am. J. Path. 17, 251. 19. McCutcheon, M., Coman,
D. R. and DeLong, R. P.: (1951) Distribution of embolic tumor cells in relation to distri-
bution of resulting tumors. Cancer Res. 11, 267. 20. Petrova, M. K.: quoted by Le-
bedinskaya and Soloviev. 21. Shabad, L. M.: quoted by Vorontsova and Liosner. 22.
Sappington, S. W.: (1922) Carcinoma of the spleen. J. A. M. A. 78, 953. 23. M. A
BopoHTwoBa n J1. A. /InocHep ; (1931) K Bonpocy 3HauyeHWli paHeHWN BayTpeHHUX opra-
HOB ANA nNpoueceB 3/10Ka4yecTBeHHero pocTta. Apxwus. Marton. 13/3, .0 24. Walt-
her, H. E.: (1948) Krebsmetastasen, Basel, Benno Schwabe & Co. 25. Willis, R. A.:
(1948) Pathology of Tumours, London, Butterworth & Co. 26. Yokohata, T : (1927) Uber
die mikroskopische Krebsmetastasen in der Milz. Ztschr. f. Krebsforsch. 25, 32. 27. Zeid-
man, I. and Buss, J. M.: (1952) Transpulmonary passage of tumor cell emboli. Cancer
Res. 12, 731.

MPOXO4 3MBOJIOB, COCTOAWMNX N3 OMYXOJIEBbIX K/NETOK, YEPES3
CENE3EHKY

B. Kopnawwwn, K. KoBau n T. Tubonbgn
Pestome

Llenbto aBTopoB 6blo, MyTeM OMbITOB Haj KPo/inKamu, NpuMeHsis pak BpayH—Iupca,
BbISIBUTb MPUYMHY TOro 06LLIEN3BECTHOMO (haKTa, UTO MeTacTasbl OMyXOsiei B cefe3eHKe ABMS-
10TCA peaKocTbio. KpoBb, B3ATas U3 cesie3eHOUHOM BeHbl KPO/IMKOB, KOTOPbIM MpeaBapuTesibHO
NpVBMBa/IM BHYTPUCEPAEUHLIM MyTeM (B /IeBblii XKenyfoueK) B3BeCb PAaKOBbIX K/ETOK, 6blia
BMNPbICHYTA [PYrMM KpOMWKaM BHYTpuUBeHHo. Cpeay 13 06paboTaHHbIX TaKuM 06pasoM Kpo-
NMKOB, Y 9 XXMBOTHbIX Pa3BU/ICS O6LUMIA KapLMHO3. 3aTeM aBTopbl NPUBMBAIN B3BECh, M3TOTOB-
NEHHYIO U3 CENe3eHKN KPOJIMKOB, MPUBUTLIX BHYTPUCEPAEUHO PAKOBbIMM KNETKAaMMW, B AMUKM
9 Apyrmx KponvkoB. OfHaKo, B AaHHOM Clydyae OMyxo/b pPasBMBanacb B ANYKE MULLIL OAHOrO
YKMBOTHOTO.

LOCTUrHYTble aBTOpamMn pesy/nbTaTbl [0Ka3blBalOT, UTO COCTOSALLME M3 OMyXO/NieBbIX
KMNeTOK 3MBO/IMU MOTYT MPOXOANTL Yepes ceneseHKy. CornacHo AaHHbIM McciiejoBaHuiA creayeT
npeanonarath, YTo KPOMe MPOXOAa uepe3 Cene3eHKy CyLeCTBYeT TaKxKe MpoXoj uepes fierkue.
Mo MHEHWI0 aBTOPOB 9TV MEXaHU3Mbl MUIPaOT BaXKHYIO PO/ib B /IOKAM3aLMyM PakoBbiX MeTac-
TasoB. ABTOPbI CUMTAIOT, UTO B 3TOM MpoLiecce 60/1bLUI0e 3HAYeHVe ceqyeT NPUNMcaTb HepBHOM
cucTeme, [eiiCTBME KOTOPOIA, MO UX MHEHUIO, COCTOMT B TOM, YTO OHA B/IMSIET Ha MPOXOAMMOCTb
(UNBLTPOB, ¥ TEM CaMbIM U Ha BO3MOXHOCTb MPOXOAA OMYXO/eBbIX KNETOK.
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